Mitochondrial reactive oxygen species promote p65 nuclear translocation mediating high-phosphate-induced vascular calcification in vitro and in vivo.
Hyperphosphatemia is the major risk factor associated with vascular calcification (VC) in end-stage renal disease. As oxidative stress is increased in uremia, we studied the role of mitochondrial reactive oxygen species (ROS) and nuclear factor-κB signaling in phosphate-induced VC. In an in vitro calcification model (β-glycerophosphate (BGP) induction) using bovine aortic smooth muscle cells, the production of intracellular and mitochondrial ROS, or superoxide anion, was stimulated by increased mitochondrial membrane potential. This effect was blocked by the superoxide dismutase (SOD) mimic MnTMPyP, a respiratory chain inhibitor rotenone, or a protonophore. Calcium deposition and the switch of smooth muscle cells from a contractile to an osteogenic phenotype were decreased when mitochondrial ROS generation was inhibited by the respiratory chain inhibitor, MnTMPyP, or the overexpression of SOD1 and SOD2 and uncoupling protein 2. The phosphorylation of IkKβ, IκBα degradation, and p65 nuclear translocation were increased by BGP but reversed when mitochondrial ROS production was blocked by protonophore or MnTMPyP. Knockdown of endogenous p65 or overexpression of IκBα reduced calcium deposition in the cultured cells. Furthermore, in a rat model of dietary adenine-induced chronic renal failure, MnTMPyP reduced aortic ROS levels, p65 activation, and calcium deposition. Thus, mitochondrial ROS-mediated p65 nuclear translocation is involved in phosphate-induced VC.